Introduction: A patient-reported outcome (PRO) measure specific to chronic hypoparathyroidism is lacking to facilitate the evaluation of treatment. A PRO measure that followed the recommendations of the US Food and Drug Administration (FDA) PRO guidance was created to address key hypoparathyroidism symptoms. Methods: A literature review was conducted to identify symptoms of hypoparathyroidism and any existing PRO measures appropriate for
evaluating these symptoms, followed by concept elicitation interviews involving six individuals with hypoparathyroidism. On the basis of the results of the literature review and interviews, a draft item pool was developed and refined through two sets of cognitive debriefing interviews with six additional patients. A translatability assessment was also conducted to evaluate concepts, phrases, or components of the items that could be problematic in future translations and to identify culturally specific phrasing. Results: No PRO measures appropriate to address hypoparathyroidism symptoms documented in the literature were identified. Qualitative research participants included 11 women and one man, with an average age of 49 years; the majority (10) of these participants were white. Concept elicitation interview results were generally consistent with the results of the literature review; the most commonly reported symptoms included issues with cognition, often described as ''brain fog'' (n = 6), muscle cramping (n = 5), tingling (n = 5), and muscle spasms or twitching (n = 4). The initial draft item pool included 20 items; based upon participant feedback, the final Hypoparathyroidism Symptom Diary comprised 13 items and was found to be easily understood and relevant to the participants. No significant issues were identified by the translatability assessment. Conclusion: The Hypoparathyroidism Symptom Diary was developed following the INTRODUCTION Hypoparathyroidism is a rare disorder that causes lower than normal levels of calcium in the blood due to insufficient levels of parathyroid hormone [1] . Chronic hypoparathyroidism is most often the result of neck surgeries, but can also be inherited or associated with other disorders [2] . Hypocalcemia due to hypoparathyroidism can affect tissue and organ systems, including the brain, heart, and kidneys, with effects resulting in signs and symptoms experienced by patients [2] . Currently, no patient-reported outcome (PRO) measure specific to the experience of hypoparathyroidism exists. Therefore, the aim of this research was to develop a novel measure to assess symptoms in this patient population that can facilitate the evaluation of new and existing treatments for the condition by incorporating patient experiences in accordance with the United States (US) Food and Drug Administration's (FDA) guidance regarding the use of PRO measures to support labeling claims [3] .
METHODS
This study conformed with the Declaration of Helsinki of 1964, as revised in 2013, concerning human and animal rights, and Springer's policy concerning informed consent has been followed. The study was reviewed and approved by RTI International's institutional review board (IRB), and informed consent was obtained from all individual participants included in the study. Patientidentifying data from the qualitative research was not included in any transcripts or reporting to protect confidentiality. Figure 1 displays a schematic of the instrument development process used in the development of the Hypoparathyroidism Symptom Diary, and the methods associated with each phase of the development are detailed below. The Hypoparathyroidism Symptom Diary is currently completing validation in accordance with FDA guidance [3] .
Concept Identification: Literature Review and Concept Elicitation Interviews
Potential symptom concepts for the new measure were identified through a review of the literature. Specifically, the authors (SM and NH) conducted a PubMed search focused on studies of chronic hypoparathyroidism (search terms included ''chronic hypoparathyroidism,'' ''chronic HypoPT, Hypoparathyroidism'' [MeSH] and ''Chronic Disease''[MeSH]) published from 2005 through 2015, resulting in 30 identified abstracts. Of these, seven abstracts were selected for full-text review as the titles and/or abstract text indicated that the publication included symptoms of hypoparathyroidism; 23 were excluded for no indication that the publication included symptoms related to hypoparathyroidism or because the article focused on another disease or condition. Upon completion of the full-text review, four articles were included in the review based on inclusion of key symptoms of chronic hypoparathyroidism. The three excluded articles described research pertaining to cellular immunity, animal models, genetic patterns, and clinician market research. In addition to these articles identified by the search, one of the authors (KC) provided three articles that included relevant data regarding symptoms, bringing the total number of reviewed publications to seven. In addition, a desktop search of unpublished (''gray'') literature sources, including all meeting abstracts from the 2015 American Society for Bone and Mineral Research conference and an Internet search of materials developed for patient education, was conducted and identified a fact sheet produced by the Endocrine Society, which was included in the review of symptoms (no relevant abstracts were identified from the conference proceedings).
Upon completion of the literature review, concept elicitation interviews were conducted via telephone with six participants with hypoparathyroidism residing in the USA. Recruitment was conducted in collaboration with the Hypoparathyroidism Association, a patient advocacy group, that shared IRB-approved recruitment text about the research study with individuals from the association's database to identify potential participants that were interested and met the study criteria. Eligible participants met the following self-reported inclusion criteria: adult (aged at least 18 years) with a physician diagnosis of chronic hypoparathyroidism; currently taking oral calcium and active vitamin D for the treatment of hypoparathyroidism; experiencing symptoms due to chronic hypoparathyroidism despite ongoing treatment; willing and able to participate in a 1-h interview; able to read, speak, and understand English; and willing and able to provide informed consent for participation in a research study. Participants were excluded from the concept elicitation interviews if they had the CASR gene mutation or an impaired responsiveness to parathyroid hormone or if they had been or were currently treated with recombinant human parathyroid hormone (1-84). Interviews were conducted using an interview guide, which allowed for open-ended discussion and spontaneous reports of hypoparathyroidism symptoms and also included probe questions (after the 
Item Development
On the basis of the results of the targeted literature review and the concept elicitation interviews, a draft item pool using standard survey methodology was developed. Specifically, the items were developed using the terminology used by participants, and alternative item wording and response options (i.e., numerical rating scales and verbal rating scales) were developed for further evaluation with the participants. The draft item pool was also reviewed by an endocrinologist (AK) prior to finalizing the items for the cognitive debriefing interviews.
Qualitative Evaluation
To pretest and refine the draft item pool, two iterative rounds of in-person cognitive debriefing interviews were conducted with six additional participants identified with the assistance of the Hypoparathyroidism Association. Participants met the same criteria as detailed for the concept elicitation interviews (described earlier). As with the concept elicitation interviews, the cognitive debriefing interviews followed a semistructured interview guide. Specifically, participants were asked to respond and provide feedback on the draft item pool using a ''thinkaloud'' process [4] to ensure that the final question wording and response options were easily understood and interpreted consistently. The interviewers also asked whether important symptoms or concepts were missing.
Translatability Assessment
After conducting the first three cognitive interviews, a translatability assessment was conducted to identify any concepts, phrases, or components of the instrument that would be difficult to translate or that appeared to be culturally specific. A team of eight linguists and native speakers of the following language groups reviewed the measure in development: English (UK), Spanish (Spain), French (France), German (Germany), Italian (Italy), Norwegian (Norway), Danish (Denmark), and Swedish (Sweden). The results of the translatability assessment then were reviewed by a survey research expert and a quality assurance project manager to discuss any changes that should be made to the source text based on the results.
RESULTS

Concept Identification: Literature Review and Concept Elicitation Interviews
No hypoparathyroidism-specific PRO measures were identified in the literature or desktop review. Of the seven reviewed studies, three were case studies [5] [6] [7] , one was a review article [8] , one was the proceedings of an expert panel [9] , one was a clinical trial [10] , and one was an observational study [11] . The observational study provided the greatest level of detail regarding symptoms reported by patients with hypoparathyroidism and was based on a survey completed by 374 adults with the condition. Table 1 provides a summary of the symptoms identified from the review. The most commonly cited hypoparathyroidism symptoms identified across the articles were muscle cramps in the limbs, feet, fingers, stomach, or face. Other symptoms commonly cited were muscle spasms; tingling in the fingers, toes, and lips; weakness; muscle pain or discomfort; numbness or pain in the fingers, toes, and lips; and memory problems. One of the reviewed articles [11] described the most frequent symptoms (those reported via a symptom checklist by more than 50% of 374 patients with hypoparathyroidism) as fatigue; muscle pain or cramping; paresthesia; brain fog or mental lethargy; tetany; joint or bone pain; inability to focus or concentrate; memory loss or forgetfulness; anxiety or fear or inner unrest; sleep disturbances; pain, heaviness, or weakness in extremities; and feeling sad, down, blue, or depressed.
The literature review results were incorporated into the next phase of the research, the concept elicitation interviews. Specifically, these results were used to create a list of symptom probes for follow-up with the participants upon conclusion of the open-ended concept elicitation portion of the interview.
Participant characteristics are provided in Table 2 . The mean age across participants (n = 6) was 53 years (range 32-71), and the mean number of years with hypoparathyroidism across the participants was 17 (range 7-44). Most were female (n = 5) and white (n = 5). All had at least some college education, with half being employed full-time and half being unemployed or retired. Table 3 provides the spontaneous and probed symptoms reported by two or more participants in the six concept elicitation interviews. The results were generally consistent with those of the literature review. All participants spontaneously reported issues with cognition, and all but one also spontaneously reported the symptoms muscle cramps and tingling or numbness. All but two participants spontaneously reported muscle spasms or twitching. Fatigue was also reported by all participants, either spontaneously (n = 3) or upon probing (n = 3).
Item Development
On the basis of the results from the literature review, clinical input, and concept elicitation 
Symptom References
Muscle cramps in the limbs, feet, fingers, stomach, or face [7] [8] [9] [10] [11] 15] Muscle spasms in the limbs, feet, fingers, stomach, or face [6] [7] [8] [9] 15] Paresthesia (tingling) in the fingers, toes, and lips [7, 9, 11, 15] Weakness [7, 9, 11, 15] Muscle pain or discomfort in the limbs, feet, fingers, stomach, or face [7] [8] [9] 15] Numbness of the fingers or limbs [6, 11] Pain of the fingers or limbs [11] Memory problems including ' 'brain fog' ' or memory loss [7, 9, 11, 15] Depression or feeling depressed [5, 11, 15] Chest pain [2, 8, 9] Respiratory problems, bronchospasm, or laryngospasm [7, 9, 11] Chronic headaches [11] Anxiety [5, 11] Pain with menstrual periods [15] Heaviness in extremities [11] Joint or bone pain [11] Disturbance to bowel movements [11] Fatigue [11] Sleep disturbances [11] Gait impacts (shuffling or frozen) a [6] a One case study patient interviews, an initial item pool was developed.
The item pool included 20 items assessing the severity of 10 symptoms (two item options were developed for each symptom). The symptoms assessed were muscle cramps, tingling or numbness, muscle spasms or twitching, muscle pain or soreness, bone or joint pain, feelings of body weakness or heaviness, tiredness or fatigue, slowed or confused thinking, feelings of fear or anxiety, and feeling sad or depressed. Alternate question wording and response options, including verbal rating scales and numerical rating scales (ranging from 0 to 10), were developed for each of the symptom items. In addition, on the basis of the results of the interviews and the clinical input (AK), three areas of impact (nonsymptom items) were identified for further evaluation with patients with hypoparathyroidism: the impact of hypoparathyroidism on sleep, ability to exercise, and work.
Qualitative Evaluation (Cognitive Debriefing Interviews)
Participant characteristics are provided in Table 2 . The mean age across participants (n = 6) was 44 years (range 33-69), and the mean number of years with hypoparathyroidism across the participants was 15 years (range 2-40). All were female (n = 6), and most were white (n = 5). All had at least some college education, and most were working either fulltime (n = 4) or part-time (n = 1).
On the basis of the feedback from the first three cognitive debriefing participants, the draft item pool was revised to include two additional symptom items. Specifically, participants identified that two of the original symptoms needed to be separate symptom concepts. Therefore, ''numbness and tingling'' became two separate items, and similarly, ''bone and joint pain'' became two separate items. No modifications were made to the impact items. Data are presented as n (%)
Upon completion of the next three cognitive debriefing interviews, three symptom items were omitted from the final Hypoparathyroidism Symptom Diary, and one impact item was added. Specifically, participants reported that muscle pain or soreness, bone pain, and joint pain may P reported upon probing, S reported spontaneously be associated with other issues rather than their hypoparathyroidism. In addition, an impact item was included to assess family relationships on the basis of the feedback provided about missing concepts described below. When asked to identify any missing concepts, only two of the six participants described a missing symptom concept, and four participants described a missing impact concept. Regarding symptoms, one participant stated that an inability to regulate body temperature was a missing symptom, while another participant described slowed speech. Inability to regulate body temperature had not been described in the literature or by any of the previous concept elicitation or cognitive debriefing participants, so this symptom was not included. On the basis of evaluation of the participant responses to the item regarding slowed or confused thinking (brain fog), it appeared that the issue regarding slowed speech was being captured in the existing item, so this was also not added as a new item. Regarding the impact items, one participant mentioned including a question about how hypoparathyroidism psychologically impacts lives given that the condition does not have any visible symptoms and therefore others may not perceive it as a serious condition or provide support when needed. Another participant discussed the impact on quality of life, as well as impacts on mood, such as irritability. Finally, two participants mentioned that the impact on family relationships was missing from the questionnaire. For the impacts mentioned by only one participant, given that the primary focus of the diary is to assess symptoms and include key impacts, the two impacts mentioned by only one participant each were not included; however, as two participants reported family relationships as missing, this item was added to the final measure.
The concepts included in the final Hypoparathyroidism Symptom Diary (Table 4) were deemed relevant, were easy to understand and answer, and were interpreted consistently by the interview participants. Participants did not report difficulty recalling the symptoms and impacts experienced over the past 24 h (the stated recall period).
Translatability Assessment
No significant issues related to translation of the measure or cultural specificity were noted.
DISCUSSION
Recent clinical guidelines have highlighted the importance of the symptoms experienced by patients with hypoparathyroidism in determining the appropriate treatment approach [12] and have identified preventing signs and symptoms as a key goal of chronic management therapy [1] . However, no standardized assessment of symptoms in this rare condition has been available until now. Development of the Hypoparathyroidism Symptom Diary will allow patient report of the symptoms and key impacts of the condition, which can be used in future clinical trials and, given the brevity of the measure, may also have utility in clinical practice.
One limitation to this research is the relatively small sample size (a total of 12 participants). However, the sample size was determined in the context of hypoparathyroidism as a rare disease, and, as recommended by recently published recommendations regarding clinical outcome assessment in rare diseases [13] , the qualitative results were supplemented by the results of the literature review, as well as by clinical review and input. Importantly, though this sample size was small, the results were consistent across the participant interviews with regard to the symptoms experienced by patients with hypoparathyroidism, indicating that the sample size was sufficient for the development of the new symptom diary.
Another significant limitation of the research was that-consistent with the recognized higher prevalence of hypoparathyroidism in women-only one man participated in the study. While the symptoms and symptom descriptions provided by the male participant were consistent with those described by the female participants, recruitment of additional male participants would have been preferable and should be a goal of further research.
Finally, this research comprised a sample of patients associated with a patient advocacy organization that reported experiencing symptoms despite ongoing treatment for chronic hypoparathyroidism and therefore may not be representative of all patients with chronic hypoparathyroidism.
CONCLUSION
The Hypoparathyroidism Symptom Diary was developed in accordance with the FDA's PRO guidance [3] . The measure addresses a comprehensive set of symptoms, as well as key impacts of hypoparathyroidism deemed important to patients. The resulting data can provide an assessment of the patient experience, in particular symptoms, in order to fully characterize treatment impacts. The measure is relatively brief and would be reasonable to administer on a daily basis in the context of clinical studies. Further research is under way to develop the scoring algorithm and evaluate the measure's psychometric properties in the context of observational studies in this patient population [14] .
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